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Abstract

Background: UTl is an important cause of morbidity in pediatric population; early
diagnosis and appropriate treatment is essential in order to avoid long term com-
plications. Therefore this study was done to estimate the magnitude of UTI among
febrile children attending Bugando Medical Centre and also to provide the insight
on treatment options and sensitivity of diagnostic tests.

Methods and Findings: A crossectional study was conducted from October
2010 to February 2011. Febrile children were serially recruited; demographic and
clinical data were collected using standardized data collection tool. Urine culture,
urine WBC microscopy and dipstick urinalysis were done followed by identification
of isolates using in house biochemical tests and susceptibility to commonly used
antibiotics was performed using the disc diffusion method. A total of 370 children
were recruited of whom 194 (52%) were male. The median age was 18 (range 2-60)
months. The prevalence of UTI by culture was 39.7%. On multivariate logistic regres-
sion analysis positive urine culture was strongly predicted by age below 2 years (OR
2, p=0.008), female sex (OR 2.6, p<0.001), positive WBC microscopy (OR 4.9, p<0.001),
positive nitrite test (OR 11.5, p<0.001). Clinical characteristics that predict positive
UTI were diarrhea (OR 2.3, p=0.001) and prolonged fever for more than 5 days (OR
1.6, p=0.04). The sensitivity of urine WBC microscopy, leukocyte esterase and nitrite
test in diagnosing UTI using culture as a gold standard was 44.2%, 8.8% and 21.7%
with specificity of 86.5%, 99.1% and 97% respectively. Escherichia coli (64/147) and
Klebsiella pneumoniae (52/147) were the most common isolates. Resistance rates of
Escherichia coli were ampicillin (98.4%), co-trimoxazole (95.3%), amoxicillin/clavulanic
acid (87.5%), cephalexin (61%), cefaclor (43.8%), gentamicin (21.9%), ceftriaxone (14%),
nitrofurantoin (12.5%), ciprofloxacin (11.6%), ceftazidime (11%) and cefepime (3.1%).
Higher resistance rates were observed in Klebsiella pneumoniae than Escherichia coli
isolates.

Conclusion: UTI is common among febrile children attending Bugando Medical
Centre. Majority of the isolates were resistant to commonly used antibiotics, this
poses challenges in treatment options of UTI in our setting. Due to low sensitivity of
dipstick urinalysis routine urine culture and susceptibility pattern is recommended
in all febrile children suspected with UTI.
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Introduction

Urinary tract infection (UTI) is a common and important clinical
problem in childhood. Urinary tract infection may lead to renal
scarring, hypertension, and end-stage renal disease. Although
children with UTI tend to present with fever, it is often difficult
on clinical grounds to distinguish UTI from other febrile illness
in developing countries [1, 2]. This makes (UTI) as one of the
most often missed diagnosis in the paediatric wards in devel-
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oping countries. UTI whether symptomatic or asymptomatic
have greater significance in childhood than in adults as most
renal scars occur after such infections within the first five years
of life [3].

Several studies have reported varying prevalence rates of UTI
in children ranging from 3.3 in USA to 37.5% in Pakistan [4, 5].
Clinical features of urinary tract infection vary depending on
the age at occurrence. Newborns and infants present with non
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specific symptoms and signs which include fever, hypothermia,
jaundice, vomiting, poor feeding, irritability and weight loss [5,
6]. Abdominal or flank pain, vomiting, fever, urinary frequency,
dysuria, urgency and enuresis are common in pre-school chil-
dren [7]. Fever has been reported as the commonest symptom
of UTl in children with frequency of up to 91% [5].

The diagnosis of UTl in children posses a big challenge to the
clinicians and several reasons have been responsible for the
difficulties in establishing the diagnosis of UTI in children in-
clude; non specific clinical presentation and the difficult in get-
ting urine sample for laboratory investigations [8, 9]. A clean
midstream catch is widely used method in older children, in
infants uncontaminated urine sample can best be obtained by
suprapubic aspiration from the bladder [9].

The predominant bacteria causing UTI in children are gram
negative bacteria, which form part of fecal flora and colonize
the perineum. Escherichia coli strains are the commonest iso-
lated uropathogens in children followed by other enteric gram
negative bacteria especially Klebsiella pneumoniae, Proteus spp
and Pseudomonas spp [9, 10]. The sensitivity pattern of the uro-
pathogens is changing and is posing a growing problem in
the empiric treatment of UTI in children [11]. Amoxicillin and
cotrimoxazole which are recommended by WHO as first line
treatment for UTI are no longer effective [9, 10, 12]. There is an
increase resistance of the community Escherichia coliisolates to
gentamicin, cephalosporins and quinolones [13].

This study was done to establish the magnitude of UTI among
febrile children and to determine the common uropathogens
and their susceptibility pattern. Also the study evaluated the
usefulness of the dipstick urinalysis in the diagnosis of UTI in
children. The antibiotic sensitivity pattern is expected to serve
as a guide in improving the management of UTlin children and
thereby avoiding long term complications associated with UTI.

Methods
Study design

The cross-sectional study was conducted at Bugando Medi-
cal Centre (BMC), a tertiary hospital in Northwestern part of
Tanzania from October 2010 to February 2011. All children with
fever aged from 2 months to 60 months with no indwelling
catheters were serially recruited into the study. The sample size
was calculated using Kish and Lisle formula. Since no study has
been done in our setting the prevalence of 50% was fitted in
the formula.

Laboratory procedure

Mid-stream clean catch urine (MSU) was obtained in all chil-
dren above 2 and those below 2 years who were able to pro-
vide MSU [3, 14]. Suprapubic aspiration was done for children
below 2 years after cleaning the skin with iodine alcohol anti-
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septic (Sigma Aldrich, France). Urine specimens were collected
into a sterile container (HiMedia Laboratories. Pvt. Ltd, India)
on the same day of recruitment. Within an hour of specimen
collection, 1yl and 10ul standard quantitative loops were used
to inoculate all urine samples on Cysteine lactose electrolyte
deficient Agar (CLED), Mackonkey and Blood agar plates (Ther-
mofisher UK, England). Plates were incubated for 24hr at 37°C.
Few drops of centrifuged urine were examined by Laboratory
technicians using 40x objective of light microscope (Olympus),
a minimum of 10 high power fields were scanned for white
blood cells (WBCs). Results were reported in terms of number
of cells / high power field (HPF). The criterion of = 5WBC/HPF
was used to indicate positive microscopy [14]. Dipstick urinaly-
sis was done as recommended manufacturer (Yercon Diagnos-
tic Co., Ltd, Jilin China).

A diagnosis of UTl was made when there were at least 10 °
colony forming unit (CFU)/ml of MSU and any colony count
for suprapubic urine [14]. High colony counts with more than
one species of bacteria were considered as contamination. For
contaminated specimens, culture was repeated. Identification
of the bacterial isolates was done using in-house biochemical
testing [14, 15]. Disc diffusion method was used to determine
susceptibility of the isolates as previously described [16]. Using
normal saline individual colonies were suspended to 0.5 Mc-
Farland and using sterile cotton swabs the suspensions were
inoculated on Muller Hinton Agar (Thermofisher, UK) and in-
cubated at 37°C for 18-24hr. For the quality control, Escherichia
coli ATCC 25922 and Staphylococcus aureus ATCC 25923 were
used. Antibiotics tested included ampicillin (30 pg), cephalexin
(30ug), cefaclor (30 ug), co-trimoxazole (SXT) (1.25/23.75ug), ni-
trofurantoin (300mcg), ceftriaxone (30 ug), ceftazidime (30 ug),
gentamicin (10 pg), ciprofloxacin (5 pg) and cefepime (30 ug

Data analysis

Data were entered into Microsoft excel software and analyzed
using STATA version 11 (College Station, Texas, USA). Continu-
ous data were recoded as mean (standard deviation {SD}) and
median (range) where appropriate. Chi-square or Fisher exact
tests were used to establish statistical difference in proportions
for categorical data. Univariate and multivariate logistic regres-
sion analysis were done to determine factors predicting urine
culture positive as UTI. Factors with p value of < 0.05 were con-
sidered statistically significant.

Ethical considerations

This study was approved by BMC/Well Bugando University
College of Health Sciences Ethics Review Board. An informed
consent was obtained from parents and guardians before col-
lection of urine specimens.

Limitation

Due to the study design and limited funds complication of UTI
using imaging were not investigated.
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Results

Three hundred and seventy febrile children were enrolled in
this study; of these 194 (52%) were men and 176 (48%) were
female (table 1). The median age was 18 (range 2-60) months.
Two hundred and thirty (62%) of children were aged < 24
months. The mean temperature of children was 38.4°C (SD
0.6°C) and the mean duration of fever before admission was
5 days (SD 3.2 days). The MSU and suprapubic aspiration urine
specimens were obtained from 196 (53%) and 174 (47%) re-
spectively (table 1). The overall prevalence of UTI by culture
was 39.7%. Female children had higher prevalence of UTI than
male children (89/176 versus 58/194, p<0.001). Of 174 supra-
pubic specimens 83 (47.7%) had positive culture compared to
64(32.7%) of MSU p=0.003. The age <24 months was associ-
ated with higher prevalence of UTI than age above 24 months
(104/230 versus 43/140, p=0.006) table 1.

Clinical characteristics
As temperature increases from 38°C, the risk of UTI increases

but this was significant only on univariate logistic regression
analysis (table 2). Diarrhea (OR 2.3, p=0.001) and prolonged du-

Table 1. Demographic characteristics, urinalysis and culture results.
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ration of fever more than 5 days (OR 1.6, p= 0.04) were found to
predict positive urine culture on both univariate and multivari-
ate logistic regression analysis (table 2). Other factors such fail-
ure to thrive; dysuria, vomiting, abdominal pain and irritability
were not significantly associated with UTI (table 2).

Bacterial isolates and susceptibility pattern

Of 147 positive culture, 134 (91%) were gram negative and 12
(9%) gram positive. Escherichia coli 64 (43.5%) was the com-
monest bacteria isolated followed by Klebsiella pneumoniae 52
(35.4%). Gram positive bacteria isolated were Enterococcus spp
(8) and Staphylococcus aureus (4). Resistance rates of Escherichia
coliwere ampicillin (98.4%), co-trimoxazole (95.3%), augmentin
(87.5%), cephalexin (61%), cefaclor (43.8%), gentamicin (21.9%),
ceftriaxone (14%), nitrofurantoin (12.5%), ciprofloxacin (11.6%),
ceftazidime (11%) and cefepime (3.1%). Furthermore, resis-
tance rates of Klebsiella pneumoniae were ampicillin (100%),
co-trimoxazole (100%), augmentin (86.5%), cephalexin (63.5%),
cefaclor (58.8%), gentamicin (38.5%), ceftriaxone (46%), nitro-
furantoin (21%), ciprofloxacin (19.2%), ceftazidime (33%) and
cefepime (21%). Staphylococcus aureus were 100% resistant to
cephalexin, cefaclor, ampicillin and 75% resistance to augmen-
tin and cloxacillin.

Variable Urine Culture Univariate Multivariate

Age in months Positive Negative OR P value Cl OR P value @
0-24 (230) 45.2% 54.8% 1.9 0.006 1.2-29 2.0 0.008 1.2-3.4
25-60 (140) 30.7% 69.3% 1 1
Sex
Female (176) 50.6% 49.4% 2.4 <0.001 1.6-3.7 2.6 <0.001 1.6-4.2
Male (194) 29.9% 70.9% 1
WBC microscopy
>5cells/HPF (95) 68.4% 31.6% 4.9 <0.001 3.1-84 49 <0.001 2.8-8.7
0-5cells/HPF (275) 29.8% 60.2% 1
Leucocytes esterase
Positive (15) 86.7% 13.3% 10.7 0.002 2.4-48.2 3.0 0.176 0.6-15
Negative (345) 37.7% 62.3% 1
Nitrite test
Positive (37) 86.5% 23.5% 15 <0.001 5.3-44. 1.5 <0.001 3.8-349
Negative (333) 34.5% 65.5% 1
Specimen
MSU (196) 32.7% 67.3% 1
Suprapubic (174) 47.7% 53.3% 1.8 0.003 1.2-29 NA NA NA
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Table 2. Clinical characteristics and Urinary Tract Infections.
Urine Culture Univariate Multivariate
Variable
Positive Negative OR P value Cl OR P value Cl
Vomiting
Yes (193) 42.0% 58.0% 1.22 0.358 0.8-1.85 0.996 0.986 0.63-1.57
No (177) 37.3% 62.7% 1
Dysuria
Yes (18) 55.6% 44.4% 1.96 0.166 0.76-5.09 2.556 0.067 0.936-6.8
No (352) 38.9% 61.1% 1
Diarrhea
Yes (136) 52.2% 47.8% 2.271 <0.001 1.47-3.5 2.264 0.001 14-3.6
No (234) 32.5% 67.5% 1
Irritability
Yes (33) 30.3% 69.7% 0.633 0.249 0.29-1.369 0.656 0.313 0.29-1.6
No(337) 40.7% 59.3% 1
Temperature
37-38 (149) 32.2% 68.8% 1
38.1-39 (171) 43.9% 56.1% 1.644 0.033 1.0-2.6 1.4 0.132 0.9-2.3
39.1-40.2 (50) 48.0% 62.0% 1.942 0.046 1.0-3.7 1.9 0.058 1.0-3.8
Fever duration
0-5(238) 35.7% 64.3% 1
6-14 (132) 47.0% 53.0% 1.594 0.035 1.03-2.46 1.6 0.046 1.0-2.5
Failure to thrive
Yes (4) 50% 50% 1.524 0.675 0.21-10.9 0.98 0.985 0.12-8.04
NO (366) 39.6% 60.4% 1
Flank pain
Yes (66) 31.8% 68.2% 0.659 0.149 0.37-1.2 0.77 0.409 0.42-1.415
No (304) 42.4% 58.6% 1

Table 3. Sensitivity, specificity of urine WBC microscopy, leukocytes esterase and nitrite test in the diagnosis of UTI.

Urine Culture

Variables Total
Positive Negative
Urine WBC>5 cells /HPF 65 (44.2%) s 30 (14.5%) 95
Urine WBC<5 cells/HPF 82 (55.8%) 193 (86.5%)* 275
Total 147 223 370

4 © Copyright iMedPub
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(8.8%) s

Leukocytes esterase positive 13

Leukocytes esterase negative 133 (91.2%)
Total 147
Nitrite positive 32(21.7%) s
Nitrite negative 115 (78.3%)

Total 147
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2(0.8%) 15
221 (99.1%)* 355
223 370

5 (2.2%) 37
218 (97.8%)* 333
223 370

S = Sensitivity, *= Specificity, Positive predictive value of WBC microscopy = 65/95, Leukocyte esterase =1 3/15 and Nitrite test = 32/37

Physical examination: Urinalysis (Leukocyte
esterase, nitrate test and WBC microscopy)

The prevalence of UTI by WBC urine microcopy, nitrite and leu-
cocytes esterase tests was 25.6%, 4%, 10% respectively. Out
of 147 specimens with positive culture 65 (44.2%), 13(8.8%)
and 32 (21.7%) had positive WBC urine microscopy; leukocyte
esterase test and nitrate test respectively (table 3) and their
specificities were 86.5%, 99.1% and 97.8% respectively (table
3). The positive predictive value of WBC urine microscopy, leu-
kocyte esterase and nitrate test were 68.4%, 86.6% and 86.4%
respectively. The combined sensitivity of urine WBC micros-
copy and leukocytes esterase test; WBC microscopy and nitrite
test and leukocytes esterase and nitrite test were 49.2%, 56.4%
and 28.6% respectively.

Discussion

This study involves 370 febrile children attending Bugando
Medical Centre; the median age of these children was 18
months as in the previous studies majority of children were
below 24 months [17]. This age group is vulnerable to infec-
tious diseases and forms a large group of admitted children in
the developing countries [17]. High prevalence of UTI of 39.7%
was observed in this study in contrast to other studies where
the prevalence of UTI in children ranged from 3.3%- 7.5% [2, 4,
6, 18, 19]. The prevalence in this study is almost similar to the
study in Pakistan in which 37.5% of febrile children were found
to have UTI [5]. A significant proportion of female in this study
had UTI compared to male (p<0.001) and this has also been
observed previously [6, 18, 19]

In the present study other factors that predicted UTI were age
below or equal 24 months, prolonged fever of more than 5
days, positive urine WBC microscopy, positive nitrite test and
diarrhea. These factors can be used in developing countries
to predict UTI in children in place where urine culture is not
routinely done. Diagnosis of UTI in children poses a significant
challenge due to the fact that most of the clinical characteristics
in children suspected to have UTI are not reliable, in the pres-
ent study as in other studies [20] dysuria, flank pain, vomiting,
failure to thrive, irritability were not statistically significantly
associated with UTI. There is no a specific sign or symptom that
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can predict the presence of UTl in infants and children. Combi-
nations of findings, including a prior history of UTI, should be
taken into account when making a decision to evaluate for UTI
[20, 21]. The limitation in this study is that other causes of fever
where not investigated.

The other challenge in the diagnosis of UTl in children is speci-
men collection; in the present study 174 (47%) of children un-
derwent suprapubic puncture to obtain urine specimen of
these 47.7% had positive urine culture compared to 32.7% of
MSU specimens (p=0.003), similar findings has been observed
before [22]. Suprapubic aspiration is highly recommended as
specimen of choice in children below 2 years, this specimen
has high yield when compared to other urine specimens [22].
In this study about 95% (data not shown) of urine samples
with significant bacteriuria had single specie of bacteria, this
is due to clear instructions given to parents/guardian before
urine collection and in most cases nurses assisted the mother
to obtain the urine sample. Among the isolated bacteria, gram-
negative bacteria were the most predominant uropathogens.
Escherichia coli was predominant specie isolated, followed by
Klebsiella pneumoniae [18, 23]; in UTI infecting organisms are
commonly derived from the patient’s own faecal flora, for the
children up to approximately age 5 years are predisposed to
UTls, partly because of periurethral colonization by E coli, En-
terococcus spp, and Proteus species [23].

Escherichia coli and Klebsiella pneumoniae in the present study
showed multidrug resistance to ampicillin, augmentin, co-
trimoxazole, cephalexin, cefaclor and gentamicin. These are
commonly antibiotics used in Tanzania for treatment of UTl in
children; the high resistance rate to these antibiotics observed
in this study poses great challenges in the treatment options.
Third generation cephalosporins could be used with the guid-
ance of laboratory results, the commonly used third genera-
tion cephalosporins in our setting is ceftriaxone; 14% and 46%
of Escherichia coli and Klebsiella pneumoniae were found to be
resistance to ceftriaxone [24]. The other option is the use of
ciprofloxacin and nitrofurantoin, the resistance rate to these
drugs in the present study were 11.6% and 12.5% to Escherichia
coli and 19.2% and 21% to Klebsiella pneumoniae respectively.
These findings support the need of continuous surveillance of
drug resistance patterns and the use of routine culture and sus-
ceptibility in the diagnosis and management of UTl in develop-



iMedPub Journals

This article is available from: http://www.acmicrob.com

ing countries. Prolonged duration of fever for more than 5 days
was significantly associated with the isolation of multidrug re-
sistance isolates (data not shown); this shows the impact of self
medication and lack of guidelines for antibiotics use in primary
health facilities [24].

This study also investigated the sensitivity and specificity of
rapid test in the diagnosis of UTl in children, these information
are useful in developing countries where culture is not routine-
ly done. Low sensitivity but high specificity of leukocytes ester-
ase test, WBC urine microscopy and nitrite test were observed
in this study [25, 26]. This implies that the use of these tests in
the diagnosis of UTI in children would result in large number
of false negative with few false positive. The highest combined
sensitivity of 56.4% was observed when nitrite test and urine
WBC microscopy are used in series. These tests should be used
in combination with urine culture in the diagnosis of UTl in
children; in the place with limited culture facilities. In this study
as demonstrated previously [24] positive nitrite and leukocytes
esterase test will indicate UTI with specificity of 97.8% and
99.1% respectively. In pediatric patients, urine cultures should
be sent to the laboratory because approximately 10-20% of
pediatric patients with UTI have normal urinalysis results [24-
26] this is confirmed in this study.

Conclusion

High prevalence of UTI is observed among febrile children in
our setting and is predicted by prolonged fever, diarrhea, fe-
male sex, age below or equal to 24 months, positive nitrite test
and WBC urine microscopy. Multidrug resistance Escherichia
coli and Klebsiella pneumoniae were the most commonly iso-
lated bacteria. Due to low sensitivity of rapid tests urine cul-
ture should be routinely performed to diagnose UTI in febrile
children.
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